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Chapter 3: The geometry of the human paraspinal muscles
with the aid of three-dimensional computed tomography
scans and 3-Space Isotrak
3.1. Introduction
The accurate measurement of the muscle moment arm is important to achieve validity
of mathematical models. This study was undertaken to accurately determine the
orientation of the paraspinal muscles. In the biomechanical models of the spine, the
orientation and the size of the paraspinal muscles are important factors. The location
of the muscles must be known when calculating forces on intervertebral joints (5, 8).
The use of computed tomography (CT) scans is a well-known method to reconstruct
bony-elements in an accurate three-dimensional coordinate system, but is less
favourable for soft tissue reconstructions, particularly when very small structures are
involved. Therefore, the main goal of this cadaveric study was to obtain real three-
dimensional (3D) coordinates of human paraspinal muscles. The coordinates of the
muscles were retrieved using the 3-Space Isotrak equipment.
3.2. Material and Methods
3.2.1. Computed tomography and bony reconstruction
Two male cadavers of the same age (73 years) and the same built (length:1.76 and
1.78 m.; weight: 74 and 78 kg. resp.) were analyzed.
To obtain data on the bony elements, the cadavers were scanned in a Philips Gyroscan
ComputerTomograph (Eindhoven, The Netherlands). Slides of 3-mm in thickness
were made in transverse direction from levels C1-S3. The two-dimensional data were
transferred to a SUN microcomputer (Philips) connected to the CT scanner. Using the
Philips Gyroview program, reconstructions were made of all vertebras and the
ribcage.
3.2.2. 3-Space Isotrak equipment and muscle reconstruction
To obtain three-dimensional coordinates of the origins and insertions of the muscle
fascicles, the 3-Space Isotrak equipment was used (Polhemus Inc. Colchester, VT).
This is an electromagnetic device consisting of three components: a source, a sensor
and a system unit to which source and sensor are connected. Induced by the system
unit, the source generates a spherical magnetic field. The sensor is, in fact, a stylus,
that registers strength and direction of the excited magnetic field. The system is
equipped for determination of the three-dimensional position of the sensor relative to
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the source. The system unit communicates with an IBM-compatible personal
computer throughout the RS-232C serial interface, with a rate of 9600 bauds per
second. The software used was the TERMINAL program, which was provided with
the Isotrak.
3.2.3. Procedure
The detailed anatomy of the erector spinae muscle (ESM) and the spinotransverse
muscles (STM) was determined in the same male cadavers as used for the CT-
reconstructions. The overlying trapezius, latissimus dorsi, rhomboideus major and
minor and serratus posterior muscles were resected. After carefully removing fascie of
the ESM, separate fascicles, each composed of many muscle fibers, became visible.
The individual components of the ESM (iliocostal, longissimus, and spinal muscles)
were unilaterally identified as described in Sobotta's Atlas of Human Anatomy (9).
Each distinctive muscle fascicle of the different groups of ESM and STM was
identified, and three-dimensional coordinates of the insertion sites at the ribs were
measured with the 3-Space Isotrak. From the angular points of the insertion sites
towards the origin, more caudally, the contours on the medial and lateral side of each
single fascicle were followed by the tip of the stylus until the origin was reached. As
soon as the fibers ran into a compound structure (e.g., erector spinae aponeurosis), the
continuing fiber direction into the compound structure was followed with the stylus
until attachment at a bony location was reached.
In the lumbar spine, the erector spinae aponeurosis had to be removed to reveal the
longissimus muscle inserting to the transverse processes of the lumbar vertebrae.
After dissecting iliocostal, longissimus and spinal muscle fascicles, the semispinal
muscle became visible at thoracic and cervical level. After measuring the visible
fascicles, semispinal muscles were removed. Multifidus muscles and levator costae
fascicle contours were identified and measured. The deepest muscle layer consisted of
rotator muscles.
The thickness of each muscle was measured with a caliper gauge. The width of each
muscle can be retrieved from the medial and lateral coordinate of the insertion and the
origin of each muscle. The length of the muscle and the tendons were measured with a
caliper gauge and by calculating the length from the coordinates of the muscles.
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Figure 3-1: Three-dimensional reconstruction in the ANSYS
program of the bony elements and the muscle coordinates of
Mm. Iliocostalis. Vertebrae printed: T1-T12 and L1-L3. Costae
printed: 1-10
Figure 3-2: Three-dimensional reconstruction in the ANSYS
program of the bony elements and the muscle coordinates of





3.3.1. Accuracy of the Isotrak equipment
In Quiet Mode, as selected by the host command, the Isotrak resolution in position is
0.03 inches root mean square (RMS) to 15 inches away from the source. From 15 to
30 inches, positional resolution degrades linearly to 0.06 inches RMS at 30 inches,
with a minimal magnetic field strength at 30 inches distance to the source of 75 nano
Tesla. Angular resolution at 30 inches distance is up to 0.12º RMS.
Before each measuring session, the position of the body in relation to the source of the
Isotrak was checked by the position of some reference points on the body. The
position of these reference points also were measured with a caliper gauge to
determine the accuracy of the Isotrak
3.3.2. Reconstruction
After finishing the complete reconstruction of all bony elements in the Gyroview
program, 45 significant coordinates were picked out of each vertebra. These three-
dimensional coordinates were imported into the ANSYS program (version 5.4;
Swanson Analysis Systems, Canonsberg, PA).
In Table 3-1, the three-dimensional coordinates of the spinalis muscle are given.
Because the coordinate system of the CT scan was different from the coordinate
system of the Isotrak, the coordinates of the Isotrak, the coordinates of the Isotrak
scan were converted to the coordinates of the CT scan. After conversion, the
coordinates of both the bony elements as the muscles were imported in ANSYS. In
Figure 3-1 to Figure 3-5 (page 45 and 46-47)the coordinates of the vertebrae from T1-
L3 and the muscles iliocostalis, longissimus, spinalis, semispinalis muscles and the
four groups combined are shown.
3.4. Discussion
McGill and Norman (2, 3) have shown that a change in the modelling of the erector
spinae muscle can alter the compressive forces in the spinal column by 20% and can
increase the offsetting shear forces. Classic studies used measurements from cross-
sectional anatomic diagrams of the human cadavers, scaled to the width and depth of
the trunk of the subject, to obtain the moment arm that produces the joint torque. Reid
and Costigan (6) calculated the ratios of the lever arm to trunk depth for the
anteroposterior position of the rectus abdominis and of the erector spinae. These
parameters have been measured in cadavers using computed axial tomography (1, 4).
The erector spinae muscle has also been studied from CT scans in 28 subjects (6).
Magnetic resonance imaging (MRI) has also been used for this purpose (4, 7, 10). The
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average over the whole trunk of the cross-sectional area and of the lever arm to the
trunk depth ratios was calculated. The delineation between various components of the
erector spinae muscle is difficult and sometimes impossible to make using CT and/or
MRI scans.
In this study, the positions of the paraspinal muscles as well as the moment arms and
the size and thickness of the spinal muscles were accurately determined. The 3-Space
Isotrak equipment proved to be a valuable tool in measuring three-dimensional
positions of small soft tissue structures. The ANSYS program was valuable in
combining different three-dimensional coordinate systems in one system to provide a
unique descriptive geometrical model of the human spine. This model has been made
to aid in analysing the biomechanical influence of various types of spinal pathology.
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Figure 3-3: Three-dimensional reconstruction in the ANSYS program of the bony
elements and the muscle coordinates of Mm. Spinalis. Vertebrae printed: T1-T12
and L1-L3. Costae printed: 1-10
Figure 3-4: Three-dimensional reconstruction in the ANSYS program of the bony
elements and the muscle coordinates of Mm.Semispinalis. Vertebrae printed: T1-
T12 and Li-L3. Costae printed: 1-10
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Figure 3-5: Three-dimensional reconsruction in the ANSYS program of the bony




3.5. Appendix Chapter 3
The advantage of this study over two-dimensional studies is that the path of each
muscle was carefully followed and that the 3-dimensional (3-D) coordinates of the
begin and the endpoints of all spinal muscles are precisely measured. The 3-D
coordinates of important points of the vertebrae were also precisely measured. Both
measurements were done on the same subject and can be helpful to construct a more
accurate model of the human vertebral column. The majority of the spinal models at
the moment use a constant distance of the moment arm of certain muscles. The
distance used is the distance from the center of rotation to the tip of the spinous
processus. With the data from this study, the moment arm of each muscle fascicle can
be calculated if necessary.
Figure I B shows that the
line of action of all muscle
fascicles is not the same.
The moment arms of the
fascicles that run to the
higher sections of the
spine are larger. Figure II
shows two simplified
models of the lumbar
vertebral column. Figure
3-6-A shows a traditional
model of the spinal
column. The model
consists of the sacrum,
combined with the lumbar
vertebrae 2 to 5. The
distance from the center of
motion is given hereFigure
3-6-B shows the distance
to separate muscle
fascicles. The moment arm of these muscles is often larger that the distance to the tip
of the spinous proces.
If a two-dimensional model is used to calculate the forces on the spinal column, these
data can be used to calculate resultant muscle vector on the median plane with
adjusted cross-sectional area
Figure 3-6 -Simplified models of the human lumbar
spinal column. Thick lines represent the muscle
fascicles.  A, “Present” models of the lumbar spine.
All muscle fascicles have the same moment arm.  B,
revised model of the lumbar spine. Each muscle
fascicle has his own moment arm. In most cases,
the moment arm in the revised model is larger than
in the former situation
A B
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